We show the annealing effect on silver and Erbium-doped tellurite glasses in the formation of nanoparticles (NPs) of silver, produced by the reduction of silver (Ag + Ag 0 ), aiming to an fluorescence enhancement. The absorption spectra show typical Localized Surface Plasmon Resonance (LSPR) band of Ag 0 NP in addition to the distinctive absorption peaks of Er 3+ ions. Both observations demonstrate that the photoluminescence enhancement is due to the coupling of dipoles formed by NPs with the Er 3+ 4 I 13/2  4 I 15/2 transition. This plasmon energy transfer to the Er 3+ ions was observed in the fluorescence spectrum with a blue-shift of the peaks. determination of the size dependence of surface plasmon resonance damping in single Ag@SiO( 2 ) nanoparticles," Nano Lett. 9(10), 3463-3469 (2009 
Introduction
The interaction of light with rare-earth (RE) doped glasses containing metallic NPs have been attracting large attention due to their relevance for a variety of applications such as colored displays and amplifier waveguides for telecommunications [1] . The Erbium-doped tellurite glass is a well known host matrix that plays an important role as optical amplifiers and optic fibers due to a variety of potential applications, and high solubility for RE ions [2] . Moreover, they have attracted much interest in optoelectronic and photonic applications because the emission in the telecommunication optical window is due to the 4f4f transitions, not only the 4 I 13/2  4 I 15/2 transition, but also the upconversion transition. These transitions intensities depend strongly on the nature and structure of chemical environment around Er 3+ ion. On the other hand, NPs can be a candidate for enhancement fluorescence studies, as showing by several efforts devoted on the study and exploitation of Localized Surface Plasmons Resonance (LSPR) and local field properties of metal NPs and their potential applications. However, the controlled production of anisotropic NPs embedded in glasses matrix is a current challenging with promissory applications [3] .
Samples preparation and the experimental setup
The glasses samples of 10 g weight were obtained using the following starting composition: 75TeO 2 -2GeO 2 -15Na 2 O-7ZnO-1Er 2 O 3 -xAgCl (mol%). The 1 mol% Er 2 O 3 concentration is equivalent to 10000 ppm in weight of erbium, where x = 0.25 and 0.50 for the samples TE025-Y and TE050-Y respectively, and Y is the annealing time at a fixed temperature at 300 °C (Y = 2.5, 5.0, 7.5 and 10.0 hours).
The glass samples were prepared by the conventional technique of melt-quenching. A gold crucible containing the glass constituents was placed in a furnace from ambient temperature up to 750 °C, where it remained for 2 h. After melting, the glass is quenched and cooled to ambient temperature. Finally, to reduce internal stresses caused by the thermal shock, the glass samples underwent annealing as mentioned previously. Silver NPs embedded in this host matrix were synthesized according to the annealing time. The final samples were cut in square pieces of 10  30  1.5 mm 3 approximately and polished until obtaining an adequate transparency for optical characterization.
The different annealing times Y results in the formation of different NPs sizes with different distances between them dispersed in the vitreous matrix. TEM photograph was done using a Philips-CM120 operating at 200 kV. Through XRD measurements, the average NP size was calculated using Scherre's formula:
, where l is the wavelength of XRD (Cu Ka = 1.5418 Å), FWHM is the full width at half maximum 2θ. The XRD was performed by a Rigaku-Rota Flex mod. RU200B, with 2θ varying from 10° to 80° with step of 0.02°, using Ni filter, at 40 mA and 40 kV. In our calculations it is assumed that the NPs are perfectly spherical. We also have calculated the concentration N (atoms/cm 3 ) of Ag and the distance between various species (mean inter-ionic distance r m ) in each NP by the Absorption spectroscopy was performed by a Perkin-Elmer Lambda 900 UV/Vis/NIR spectrophotometer, in the range from 400 to 1800 nm at room temperature. Luminescence spectra were performed using a 980 nm diode laser of 2.0 W of power, an InGaAs detector and lock-in technique. For measuring the 4 I 13/2 lifetime, the samples were irradiated with a 980-nm-laser diode with a pulse train of 50 μs up and with dead time of 100 ms. The emission signal was measured by a 400 MHz oscilloscope (Tektronix TDS 380).
Based on the thermal parameters obtained for the glass (see Table 1 ), the proposed annealing temperature was 300 °C (just up T g ) to perform the NPs formation. 
Results and discussions
Tellurite glass doped Er 3+ ions and co-doped with NPs can induce significant enhancement of the Erbium fluorescence due to long-range electromagnetic interaction between the plasmons of the Ag NPs in the host medium. This strong enhancement of electromagnetic fields is essential in nonlinear optics effects, and allowed achieve to high values of electromagnetic field enhancement through the excitation of LSP [5, 6] . A LSP is a free electrons oscillation of a metallic particle, whose frequency of resonance is the plasma frequency (w P ) tuned by the size and shape of the particle. Such oscillations are caused by the interaction between the incident radiation and the NPs, these oscillations are dependent on the shape and size of NPs.
Thus, the enhancement obtained with these NPs is due to the formation of electric dipoles (ED) which generates a polarization given by '
, where
x is the distance between each NP, 3 6 qd   is the NP specific volume, ' N is the conduction electrons density, and e is the electronic charge. Therefore, a modification in the local electric field is produced by these dipoles that can be understood as a local field correction. Now, the interaction of a homogeneous NP of diameter d (d<<l) with electromagnetic field will be considered in two regimes: First, for large particles (d > 20 nm), where the quasi-static approximation breaks down due to absorption effects, and second, the regime of very small NP d  20 nm, where the particle dimensions are appreciably smaller than the mean free path of its oscillating electrons.
Using the results obtained by O.L. Malta et al [7] , the effective electric field can be written as:
, where g is the  is the dielectric constant in the presence of an external electromagnetic field of amplitude E 0 . In the presence of an electromagnetic field we have LSPR which forms EDs separated by different distance r , some of which will contribute to the luminescence enhancement. For the 1.55 μm Er 3+ emission, used for optical amplification in telecommunications [8, 9] , the analysis of transitions between the 4 I 13/2 and 4 I 15/2 manifolds [10, 11] induced most of the studies and only few papers have been dealt with the transitions between Stark levels [12] . The measurement of Er 3+ absorption and emission spectra in these glasses, shown in the Fig. 1  and Fig. 2 , allowed determine the position and width of Stark levels for Er 3+ ions. We observe that in the Fig. 1 (a) it is not possible to observe the band related to the LSPR due to the little quantity of Ag co-doped. Therefore, two samples were prepared with the same quantities of Ag co-doped used in the other glasses with different annealing time, but without Er 3+ ions in order to be able to detect and to observe plasmon wavelength λ p , just as it is shown in the Fig. 1(b) and is compared with absorption spectrum of glass without Ag co-doped.
Assuming that the Er 3+ ions may occupy different sites in the host, a direct coupling between the excited states of the Er 3+ ions and the Ag NPs modifies the Stark levels energies, see Fig. 3 . In this frame, the quantitative determination of the properties is obtained through proper group symmetry operations. As the NPs just give a contribution to the local field when the light is present, the oscillator strength (P strength ) of a spectral line, corresponding to transition from the ion ground level i to the component f of the excited level, is given by: This equation is modified, for the second term into parenthesis, from the theory of Judd [13] , and represents the ED transition due to SPR of Ag NP, where m is the mass of an electron, h is the Planck constant,  is the frequency of the line. The factor  is an adjustable factor that depends on the refractive index of the medium in which the Er 3+ ions are embedded, and J is the total angular momentum. To obtain non vanishing matrix elements of the components , with J = 15/2 been the spin-orbit ground state because the f shell is more than half-filled. In a weak tetrahedral crystal field, the spin-orbit manifolds split into a number of Stark levels (Γ6, Γ7 and Γ8). The order of these Stark levels depends on the strength of the crystal field and the influence of NP P , as shown schematically in Fig. 3 . This can be verified by the photoluminescence spectra of the samples TE025-10 and TE050-(2.5 and 5.0) [ Fig. 2(a) and 2(b) respectively] , showing an enhancement of the corresponding peaks. For Er 3+ ions, the J manifold splits into (2J + 1)/2 Stark levels taking into account the Kramer's degeneracy. The central positions of the Stark levels were obtained by spectrum deconvolution with a fitted Gaussian curve, and listed in Table 2 .
In this scenario, the influence of NP P appeared in the fluorescence spectrum as a blue-shift of the peaks, e.g. a transfer energy from the NPs dipoles to Er 3+ ions, thus modifying the Stark energy level's bandwidth, see Fig. 3 (obtained through spectral deconvolution with a fitted Gaussian curve). This energy transfer is obtained from the second term added in Eq. (1) and can be understood through the following definition: The Fig. 2(a) and 2(b) , shows the enhancement luminescence from effective electric field which is directly connected to the quality factor of the LSP and SPR, e. g. LSPR. This is determined both by intrinsic properties of the NPs via the wavelength-dependent dielectric function of the glass and by the surface effect on the electronic response [14] . As the LSPR properties are sensitive to its environment in the order of its size [15] , the dielectric function of the glass containing the NPs express the LSPR bandwidth and resonance frequency. It can be written as the sum of the bound and quasi-free (conduction) electron contributions [16] : 
Where the first term, 0 1/ is associated to bulklike electron scattering process in the particle and the second term is a consequence of quasi-electron-free interaction with the surface and, for a sphere, V F is the Fermi velocity, and g s is the surface factor [16] . showing the splitting of levels due to electron-electron (Coulomb) interaction take place the 4 I terms, spin-orbit interaction yielding the manifolds J = 15/2, 13/2, 11/2 and 9/2 and the Stark levels induced by crystal field of tetrahedral symmetry. Also is indicated the process of radiative and non-radiative energy transfer from the pump to ED, and from the pump to Er 3+ . ET: energy transfer, R: radiative, NR: non-radiative.
We can see the dependence of the LSPR damping factor g that produce a quenching on the luminescence [TE025-(2.5 and 5.0) and TE050-(7.5 and 10.0)] as the effective electric field is a function of g and q which in turn depend on d. This dependence only permits enhancement fluorescence for the samples TE025-10.0 and TE050-(2.5 and 5.0), whose size range is 17.0 < d < 20.0 nm. Furthermore, is verified from the absorption spectrum [pictures into Fig. 1 (a The silver's dielectric constant has a very small imaginary part and very high electrical conductivity, which leads to excellent optical and electronic properties of Ag nanostructures, which have motivated us to study silver NPs embedded in a dielectric matrix, with the aim to achieve strong light absorption in a broad spectral region. The luminescence spectrum of Fig. 2(a) and 2(b) shows a blue-shift due to the size dependence of the LSPR (see Fig. 4 ). The enhancement luminescence intensity is related to the strong local electric field induced by NPs ED, increases the quantum yield h of the luminescence, defined by the ratio of the local field [4] and Le et al. [19] . In the present study, the maximum luminescence enhancement has been observed in the range, 0.11 < r m /d < 0.12, for the sample TE050-Y and r m /d 0.10 for the sample TE025-10.0. The field enhancement factor range was 9.18 < η < 10.03 for TE050-Y and η = 10.60 for TE025-10.0. The size of the particles calculated from the Scherre's formula, are show in the Fig. 4(a) .
The growth process of the NPs involves several steps which includes the formation, diffusion, and adsorption of growth species Ag + onto the growth surface, and subsequent incorporation of this adsorbed species into the bulk. A diffusion-limited growth causes a different size distribution of NPs, Fig. 4(b) and 4(c) . In this sense, the ions Ag + are produced during the melting process and the NPs growth occurs when the glass is annealed at 300 °C (above T g ), when the glass viscosity is sufficient to promote the Ag + diffusion. If the NPs start to growth at different times, or the Ag + ions are non-homogeneously distributed into the glass, we can expect a broad distribution of NPs size, see Fig. 4(c) .
It's important to note that, the samples TE025-Y and TE050-Y show prominent diffraction peaks of Ag at 2θ = 44.8 ± 0.4° (d' = 2.0231 ± 0.0169 Å), which corresponds to the (hkl - Fig. 5(a) ] due to nonradiative energy transfer after the incidence of the pump energy [l = 980 nm) to excite the NPs, yielding LSPR that can be adjusted by the size of the NP (see Fig. 5 ). This effect contrast with the absorption spectra of the samples (see Fig. 1 ), who shows that the more the absorption, the less the lifetime is. Mathematically, the radiative lifetime r  can be derived from the Judd-Ofelt equation [13, 
Conclusion
In summary, we have shown that Er 3+ -doped tellurite glass are a good host matrix that permitted the formation and the diffusion of NP into the host in function of the annealing time in comparison others [4, 7, 19 m as evidenced by a blue-shift of the luminescence peaks. Besides, the presence of NPs into the host did not modify the crystalline field, but it is responsible for the changes in the energy of Stark levels as indicated in Eq. (1). This significant enhancement in the fluorescence has a potential application in amplifiers waveguide for plasmonic devices. The most exciting feature of this work is that the fabrication process is very simple and it can be potentially scaled up to mass production of amplifiers and other photonic devices.
